The oxygen dissociation curve of viper Vipera aspis hemoglobin: Functional similarity with human hemoglobin portland  by Duguet, Michel & Acher, Roger
Volume 60, number 2 FEBS LETTERS December 1975 
THE OXYGEN DISSOCIATION CURVE OF VIPER ( V/PER/I ASPIS) HEMOGLOBIN: 
FUNCTIONAL SIMILARITY WITH HUMAN HEMOGLOBIN PORTLAND 
Michel DUGUET and Roger ACHER 
I.aboratory of Biological Chemistry, 96 Bd Raspail, 75006, Paris, France 
Received 13 October 1975 
1. Introduction 
Viper ( Vipera aspis) hemoglobin is apparently 
composed of two types of a-chains and one type of 
P-chain [ 1 ] . The complete amino acid sequence of 
one o-chain has been determined [2]. When compared 
with all the vertebrate hemoglobin o-chains known to 
date, the substitution of leucine for His-122 (H5) 
appears unique. Because this His-l 22 is supposed to 
play a role in the Bohr effect [3] , it was of interest to 
examine the oxygen dissociation curve of viper 
hemoglobin, and particularly the pH-dependence of 
the affinity for oxygen. 
2. Materials and methods 
Hemolysate was prepared from the blood as pre- 
viously described [4,5]. Low mol. wt compounds and 
ions were removed by gel filtration on Sephadex G-25 
according to Benesch et al. [6] by using a 0.05 M 
Tris buffer at the pH chosen for the measurements of 
oxygen equilibria. ‘Stripped’ hemoglobin was then 
diluted with the same buffer in order to obtain a con- 
centration of 1.5-2.0 mg ml-‘. Fresh normal human 
hemoglobin was prepared in the same way for com- 
parison. The solutions contained virtually no methemo- 
globin as judged by the ratio A sy6 to A 522. The oxygen 
dissociation curve of hemoglobin was determined by 
a spectrophotometric procedure [7] using an auto- 
matic recording technique. 
3. Results 
The oxygenation curve as a function of the partial 
pressure of oxygen was determined at pH 7.15 and at 
37°C. The oxygen affinity of the viper hemoglobin 
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in terms of P5e, the partial pressure of oxygen at half 
saturation, is high when compared with that of normal 
human hemoglobin under the same conditions (8 mm 
Hg instead of 21 mm). 
The Hill plots of viper hemoglobin is shown on 
fig.1 (0.05 M Tris-HCl buffer pH 7.15 at 37°C). A 
co-operative oxygen binding is apparent. From this 
curve a Hill coefficient(n) of 2.6 can be calculated. 
This value is rather similar to that of normal human 
hemoglobin. However in contrast to human hemo- 
globin, the n value in the case of viper hemoglobin is 
pH-dependent: at pH 7.45, n = 2.3, at pH 8.00, 
n = 2.2 and at pH 9.00, n = 2.2. This may indicate a 
change in the conformation at pHs higher than 7.15. 
‘0s PO2 
Fig.1. Hill plots of oxygen dissociation curve for viper nemo- 
globin (0.05 M Tris-HCl buffer pH 7.15, 37°C). Y: fractional 
saturation. po,: partial pressure of oxygen (mm Hg). 
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Fig.2. The pH dependence of the oxygen affinity (Bohr effect) 
of viper hemoglobin (0-o) and human hemoglobin (A--A); 
P,,: partial pressure of oxygen at half saturation. 
The alkaline Bohr effect (influence of the pH on 
PsO) has been measured both for viper and normal 
human hemoglobins (fig.2). The intensity of the Bohr 
effect (A log Ps,/A pH between pH 7.0-8.0) is clearly 
lower for the viper hemoglobin: 0.1 instead of 0.5 for 
human hemoglobin. 
4. Discussion 
Viper hemoglobin displays unusual functional 
properties and can be compared in some respects with 
abnormal human hemoglobin Portland 1 (5; yz) [8,9]. 
It has recently been shown that the c-chain of hemo- 
globin Portland has an c&lain structure [9]. In both 
hemoglobins, the residues of the a-chain involved in the 
‘vital’ contacts between (Ye and f12 chains [lo] are 
preserved. The n value is about 2.0 for Hb Portland 
[8] and 2.6 for viper hemoglobin. However both 
hemoglobins have an a-type chain in which histidine 
is missing in position 122 (H5); it is replaced either 
by leucine in viper [2] or by Asx [9] in Hb Portland. 
It is of interest to note that the alkaline Bohr effect is 
considerably reduced for both hemoglobins (this 
work and [8] ) perhaps in relation with the absence 
of His- 122. If Portland <-chain is very similar or 
identical to the early embryonic a-chain [ 11,121 , the 
appearance of histidine in position 122 might be 
regarded as an evolutionary improvement in the func- 
tion of the cu-chain. 
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